It is generally accepted that most myocardial infarctions are obscured on the electrocardiogram by left bundle-branch block. The number of published cases in which this could be evaluated, however, is small, and the case reports are scattered. We have studied 30 cases of myocardial infarction with left bundle-branch block in which the location of the infarction could be determined with certainty, by autopsy, or by a previous electrocardiogram with normal intraventricular conduction. Twenty such published cases have also been collected. Electrocardiographic abnormalities have been correlated with infarctions in different locations. The possible specificity of these abnormalities is discussed.
T HE observation of Wilson and associates' that "in the presence of left bundle branch block it is seldom possible to make a diagnosis of myocardial infarction on the basis of electrocardiographic findings alone" is still widely accepted. A number of cases in which a myocardial infarction could be recognized in the presence of left bundle-branch block (LBBB) have been reported, but these usually have been single case reports, with the exception of the groups of cases reported by Dressler et al. 2 and by Sodi-Pallares and co-workers.3' Most of these have been diagnosed by Q waves in lead V6, by S-T segment or T-wave abnormalities, or by fortuitous normally conducted complexes.
Our review of 50 cases of myocardial infarction with LBBB leads us to believe that a myocardial infarction produces electrocardiographic changes almost as often in the presence of LBBB as it does with normal intraventricular conduction. In most instances the presence of the myocardial infarction is indicated by changes in the QRS complex. As would be expected, the abnormalities of the QRS complex indicating the presence of a myocardial infarction are not always the same in the presence of LBBB as they are with normal intraventricular conduction. QRS configurations similar to those seen in our cases in association with myocardial infarction are also present in published cases. Several of these QRS abnormalities have not previously been described as being associated with myocardial infarction in the presence of LBBB.
MATERIALS AND METHODS
We have studied all cases with complete LBBB in our files from 1953 through June 1956. Complete LBBB was diagnosed by the usual criteria. The QRS complex should be of 0.12 second duration or longer, of sinus origin, and associated with a P-R interval of at least 0.12 second. The left precordial leads should have a broad, slurred, or notched R wave with an abnormally delayed "intrinsicoid" deflection, similar complexes usually being present in lead I. There should be rS or QS complexes in lead V, with a normal "intrinsicoid" deflection. Cases in which the diagnosis of LBBB was questionable were excluded from this study, as were all cases of incomplete LBBB.
We have selected those cases in which the electrocardiogram could be evaluated by accepted criteria Circulation, Volume X VI, October 1957 CHAPMAN AND PEARCE only those cases in which left precordial leads are available were included. Twenty such cases were found. Autopsy data were available in 13 of these cases. In 4 other cases, the infarction could be localized by a previous electrocardiogram with normal intraventricular conduction, and in the remaining 3 cases the infarction was localized by an electrocardiogram with normal intraventricular conduction shortly after the infarction had occurred.
RESULTS

QRS Complex
Comparison of the configurations of the QRS complexes within each group of cases, classified by location of infarction, reveals certain similarities.* Anteroseptal Infarction. Of the 17 cases with anteroseptal infarction, 4 cases had a Q wave in lead V6 ( fig. 1B ), similar to cases previously reported. Three of these 4 cases were autopsied and extensive anteroseptal infarction was demonstrated in each. Of the 17 cases with anteroseptal infarction, there were Q waves in lead I in 6 cases and in lead aVL in 10 cases. In our entire group of 43 cases, Q waves in leads I, aVL, and V6 were associated with anteroseptal infarction in every case except 1, in which there was a Q wave in lead aVL only. Patchy myocardial fibrosis was present in this case.
Seven cases, in which there was moderately extensive infarction in the anteroseptal and apical regions, had an rsR' in lead I, aVL, or V6 (figs. 2C and 3). The rsR' configuration in these leads usually consisted of a small r wave, a small s wave extending just below the isoelectric line, followed by a tall R'. In some leads, there was apparent respiratory variation between an rsR' and an R wave with a deep notch on the beginning of the upstroke that did not quite reach the isoelectric line. Other Cases. In our entire group of 43 cases, there were 5 cases in which QRS complexes similar to the ones described above were not associated with a transmural myocardial infarction. Gross patchy myocardial fibrosis was present in 3 of these 5 cases, and a subendocardial infarct and vertical electric axis were present in the fourth case. This case was the only one in the entire group with a vertical electric axis, all other cases having a horizontal axis. Neither infarction nor fibrosis was found in the fifth case.
A review of published cases of myocardial infarction with LBBB reveals most of them to be associated with QRS complexes similar to those described above. Twenty cases were found in which the location of the infarction was definitely known, by autopsy or by normal intraventricular conduction, and in which the electrocardiogram, with left precordial leads, was available for study. ( fig. 7B ), the electrocardiogram taken on the day of the infarction demonstrates marked elevation of the S-T segments in leads V25, and an isoelectric S-T segment in leads I, aVL, III, and aVF, a change in comparison with a previous electrocardiogram with LBBB. In the second case ( fig. IB) , an electrocardiogram taken on the day after the infarction shows marked elevation of the S-T segment in lead V5, moderate elevation of the S-T segments in leads I, aVL, V2-4, and V6, and depression of the S-T segments in leads III and aVF. An electrocardiogram taken the day before, when normal intraventricular conduction was present, displays similar S-T segment abnormalities. In the third case, there is marked elevation of the S-T segments in leads V2-4 and an isoelectric S-T segment in lead I, a change from previous electrocardiograms.
Abnormal S-T segments were present in 2 cases with an anteroseptal and apical aneurysm. The S-T segments are abnormally elevated in leads V4-6 in the first case, and in leads V2-6 in the second case.
Electrocardiograms taken during a number of episodes of coronary insufficiency were available in 2 patients. A representative electrocardiogram of one is shown in figure 8B . There is elevation of the S-T junction in leads V1 4, and depression in leads I, aVL, V5, and V6. The T waves in leads V1 4 are tall and peaked, and the T waves in leads I 8A ). Similar changes in the T waves are seen in the other case ( fig. 9 ). Figure 9A demonstrates the increased amplitude and more pointed T waves, most marked in leads V1 4.
In the 5 cases of intermittent LBBB, there was no consistent correlation between the Twave abnormalities present during normal intraventricular conduction and those present during LBBB. When abnormal T waves were present during normal intraventricular conduction, however, the most frequent changes in the T waves during LBBB were increased positivity of T waves in the precordial leads ( fig. 10) Experimental work on dogs with myocardial infarction and LBBB has been done by Rosenbaum and his associates. They concluded that when LBBB is present, infarction of the free wall of the left ventricle gives rise to no characteristic modification of the QRS complexes in the precordial leads. The location of the infarct in these dogs, however, on the anterior aspect of the apex, would make it probable that the anterior-inferior aspect of the septum was involved also. Examination of the published electrocardiograms reveals that there is present in the electrocardiograms of the dogs with an infarct a notched S wave in the precordial lead just to the right of the transition zone, corresponding to lead V4 (point 8, dog 68; point 7, dog 70).12 There is also aii rsR' in a position corresponding to lead V6 (points 8 Figure 1 demonstrates that the "cavity Q wvave" associated with infarction is not always produced by cavity negativity alone. The Q waves present in leads V2-4 in figure 1A would be interpreted in these terms as reflecting the cavity negativity that is transmitted through the electrically dead anteroseptal infarction.
On the following day, however, in the presence of LBBB, r waves were present in leads V1b4 (fig. 1B) . Three days later, Q waves were again present in leads V1 4 ( fig. 1C) . The r waves in leads V1 4 during LBBB must have been produced by right ventricular forces. The "cavity Q wave" may be present over electrically functioning myocardium, therefore, when vectors produced by the part of heart directly under the lead are overbalanced by larger vectors with an opposite direction.
Among the other QRS features associated with infarction, the notching of the S wave in lead V4, of the R wave in lead V6, and of the S wave in lead aVF have several characteristics in common. This notching is usually fairly close to the base line and it occurs during the early part of the QRS complex.
Wilson and Herrmann23 have described the notching of the QRS that occurs in the normal electrocardiogram and in uncomplicated LBBB. In the former, notching usually was confined to the lead of smallest amplitude or occurred relatively close to the base line. In the latter, the notching was usually near the apex of the QRS in leads of large amplitude. They believed that these 2 types of notching differed entirely in their practical significance. The reasons for this belief can be summarized as follows23:
The height of a deflection in a given lead at a given instant is dependent on two factors; the manifest potential difference (E) . . ., and the cosine of the angle between the direction in which this potential is developed and the line of lead.... The change in cosine per degree is much more rapid near 90 degrees than near zero degrees. Since, moreover, the deflection in a given lead is smallest when the electrical axis is perpendicular to In LBBB, these notches are a result of the sudden spread of activation through the left ventricle after its passage through the septum.23 5GG CHAPMAN AND PEARCE In contrast to the notching in uncomplicated LBBB, due to irregularity in change of the manifest potential difference,23 the notching of the QRS complexes that we have found to be associated with anteroseptal and septal infarction has the characteristics of the other type of notching, due to irregularity in the movement of the electric axis. The notching in our cases has occurred relatively close to the base line, and, the complexes in the precordial lead just to the right of the transition zone have been the complexes of least amplitude in the horizontal plane. They occur when the electric axis is relatively perpendicular to the line of that lead in contrast to the notching in uncomplicated LBBB that occurs when the electric axis is relatively parallel to the line of lead.
A second difference between the notching in these cases associated with anteroseptal and septal infarction and the notching in uncomplicated LBBB is the time of the notching during the QRS interval. The abnormal notch in the S wave in lead V4 in our cases has begun approximately 0.03 second after the beginning of the QRS in most cases. The abnormal notch in the rsR' complexes has begun approximately 0.02 second after the beginning of the QRS. In LBBB the first upstroke of the R wave in lead V6, which is due to activation of the septum, is usually 0.05 to 0.06 second in duration. In the dog, where activation of the heart does not take as long as in the human, the time required for the wave of activation to cross the septum in LBBB has been experimentally measured to be from 0.03 to 0.04 second.21, 24 The abnormal configurations described above, therefore, are produced during the advance of the wave of activation through the septum and, possibly, during the early part of the activation of the adjacent free wall.
The notching at the apex of the R wave in lead V6 in uncomplicated LBBB, on the other hand, usually occurred 0.05 second or more after the onset of the QRS.
Although it was anticipated that this early notching of the S wave in the precordial lead just to the right of the transition zone might be produced in a "transitional" complex, such a complex could not be found in cases of uncomplicated LBBB. An extensive precordial exploration in a group of 8 such cases, each with a broad, notched R wave in lead V6, did not reveal early notching of the S wave in any lead near the transition zone. The appearance of this notching for the first time after anteroseptal infarction in 2 cases, and its presence only in dogs with infarctionl2 also tend to identify the notching with infarction.
The decrease in height of the precordial R wave in going from right to left would appear to be due to loss of anteroseptal myocardium that had previously been producing early positive potential in the midprecordial leads. The slight decrease in height of the precordial R waves in the 2 cases with anterolateral infarction in our group may or may not be due to the infarction.
It would appear, therefore, that the Q wave and the rsR' in leads I, aVL, and V6, the early notching of the S wave in the precordial lead just to the right of the transition zone, and the abnormal precordial R progression are all a result of the same process-infarction of myocardium in the anteroseptal area, the Q wave being produced by large infarctions, and the rsR' and the notched S V4 being produced by smaller infarctions. The downward deflection on the early part of the upstroke of the R wave, producing the rsR' configuration, appears to have a significance similar to that of a Q wave. It could be called a "delayed Q wave," delayed by the time necessary for passage of the wave of activation through the septum before it reaches the infarcted area.
The association of the early notching of the S wave in lead aVF with septal infarction in most cases raises the possibility that a septal infarction that is totally obscured during normal intraventricular conduction might produce recognizable changes on the electrocardiogram during LBBB. The difference in the patterns of activation in the 2 Extensive anteroseptal infarction in the presence of LBBB is associated with Q waves in leads I, aVL, and V6, and an abnormal precordial R progression. When the infarction is less extensive, rsR' complexes are present in the same leads, and the S wave or QS deflection in the precordial lead just to the right of the transition zone, usually V4, is deeply notched. One or more of these findings were present in each of the 17 cases of anteroseptal infarction in our group. The notching of the early part of the upstroke of the R wave in left precordial leads producing an rsR' complex, would appear to be theequivalent of a "delayed Q wave," in its significance in indicating anteroseptal infarction.
Anterior infarction without septal involvement was present in 3 cases in our group, 1 case having an Rs configuration in lead V6, and the other 2 having an abnormal precordial R progression.
Nine of the 10 cases with posterior infarction in our group were associated with a notched R wave or an R' in lead aVF. A similar configuration was present in lead III in 8 of the 10 cases.
Each of 5 cases with predominantly septal infarction in our group was associated with initial notching of the S wave in lead aVF. Similar complexes were present in most cases collected from the literature, and in published examples of the electrocardiograms of dogs with myocardial infarction and LBBB.
The electrocardiograms of several cases demonstrate that the "cavity Q wave" does not always reflect pure cavity negativity. Theoretic reasons, clinical experience, and experimental data are discussed that suggest that the early notching of the R wave in leads I, aVL, and V6, and of the S wave in leads aVF and V4, are different from the usual notching in uncomplicated LBBB, and are related to myocardial infarction. Additional evalutationes clinic, necroptic, e experimental es necessari ante que iste constatationes pote esser applicate con confidentia al diagnose de infarcimento myocardial.
